Refraction.  Dia-
gram showing the
law of refraction.
See text

REFRACTOMETER

pheric optics, for it is due to re-
fraction that mirages, haloes, and
rainbows occur, that the day ap-
pears  longer
than it is, etc.
When the strat-
ification of  aii-
is  such   that
there are rapid
.changes    of
density  with
height, the sun
may   appear
distorted   and   C
can even vanish
without appar-
ently   reaching
the horizon.   A

common   example   of   the  effect
of   refraction   is    seen   when   a
walking-stick is partly submerged
in water.    The  stick appears to-
be   broken    at   the   surface   of
the water,  due to   the   different
indices  of  refraction  of  air  and
water.   In the figure, A B is a ray
of light refracted at B along the line
B C.   B D is the plane,, between the
two media, and E B F the perpen-
dicular at that plane.  By the laws
of   refraction   the   refracted   ray
makes with the normal an angle
whose trigonometrical sine bears
a constant ratio, for any two par-
ticular media, to the sine of the
angle the incident ray makes with
the normal. When light is refracted
from one medium to another, the
ratio of the sines of the angles of
incidence and refraction is known
as the refractive index.    Certain
crystals are remarkable for their
power   of   giving   two   refracted
rays,  i.e. double  refraction.    See
Crystallography; Light; Optics.

Refractometer,      Instrument
which assumes various forms for

Refractometer. Dia-
gram   oi   Pulirich
3 instrument. See text

determining the refractive index
of solids, liquids, or gases.

In a Pulfrich refractonieter for
determining the refractive index
of liquids, of which only a small
quantity is available, the principle
of total reflection is used. The
figure shows diagrammatically the
principle of such a refractometer.
A is a Geissler tube and the source
of light, concentrated by lenses in
B on to a glass cylinder C, which
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contains a liquid whose refractive
index is being tested. D is a prism,
a and 6 refracted ray, bed angle
read by telescope E, mounted on
a graduated circular scale F; e is
a shadow area to left of ray, /
bright area to right. Calculation of
angle bed gives refractive index.
In an interference refractometer,
the index is determined by the use
of interference fringes, and so
allows of the measurement of the
difference of path of two interfer-
ing rays. The instrument may be
used in various forms to measure
very minute linear distances where
great accuracy is required. One
such is the Rayleigh refractometer
for measuring the small refractive
indices of gases. To increase its
accuracy the tubes containing the
gases are 12-18 ins. long.

Refractory   Material.   Term
meaning  any  material  which  is
stubborn or difficult to work or
treat.    Certain metals, e.g. tung-
sten,    molybdenum,     zirconium,
iridium,   are   termed   refractory,
because they are extremely diffi-
cult to work or fabricate even at
very high temps.   Processes have,
however, been devised for making
these metals into crucibles, tools,
etc.,    where   their   very   refrac-
toriness is of value. In metallurgy,
a refractory material is one which
will withstand the very high temps,
and hard conditions in a furnace;
such refractories are used to make
bricks for furnace and kiln linings,
crucibles, flues, chequer-work for
regenerators, etc. They must with-
stand not only high temps., but also
the action of slags, high pressures,
and   weights,   erosion   by   hard
particles, corrosion by gases and
liquids,   oxidising   and   reducing
conditions, penetration by gases or
liquids, and rapid changes of temp.
No one material will withstand all
possible conditions, and the best
possible must therefore be sought
in dealing with each problem.

The materials most commonly
used are natural earths, clays, and
sands ; various synthetic materials
are, however, available. Refrac-
tories are acid, neutral, or basic.
The chief acid materials are silica,
and others of which silica is the
principal constituent. They will
combine with the metallic oxides
to form silicates, the principal
members of the group being
quartz, quartzite, ganister, Dinas
rock, sandstone, and flint, Dinas
rock contains more than 90 p.c.
of silica, the remainder being
small amounts of alumina, lime,
iron oxide, and alkalis; ganister
may have as little as 92 p.c.
silica When silica is heated.
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changes take place in its crystal
structure, s.g., and vol., quartz
being transformed into cristo-
balite and then into tridymitc,
with a linear expansion of more
than 5 p.c.   These factors must be
taken   into   account   in   making
Dinas or silica bricks, and when
they are in use, the furnace must
be heated slowly so that  changes
in them can take place1 without
cracking or " spalling " the bricks.
Fireclay, which lies between the
acid and "neutral groups, contains
50 to 70 p.e. of silica, with 20 to
35 p,c. of alumina.    The fireclays
owe their plasticity to the presence
of appreciable amounts of com-
bined water; their refractoriness
is    adversely    affected    by    the
presence   of" alkalis.      They  are
found associated with many of the
coal measures in the U.K. and are
widely used for the manufacture
of firebricks used for all furnaces
not requiring special refractories,
as well as for blast furnaces, re-
verberatory furnaces, coke ovens,
heat regenerators, flue stacks, etc.
Among the true neutral refrac-
tories are graphite or plumbago,
silicon carbide, bone ash, and the
most important crucible material,
chromite, which is too expensive to
be used except in special parts of
certain furnaces.    The basic re-
fractories, which contain little or
no silica, are very resistant to the
attack of metallic  oxides.     The
commonest are magnesite,  lime,
dolomite, alumina, and bauxite;
thoria and zirconia have limited
application.    Lime is rarely ^used
except in melting  the  platinum
metals as it combines with water
too readily. Dolomite is used in the
steel industry for the linings of
basic  open hearth furnaces and
converters.      Natural   magnesite
contains   more   than   90 p.c. of
magnesium   carbonate,   which  is
converted to magnesia when the
bricks are burnt. It is used in the
ferrous and non-ferrous industries
for, e.g., the  suspended roofs of
copper    reverberatory    furnaces.
Bauxite  has  rather  limited  use
because it shrinks a great deal at
high temperatures.
In making all refractory bricks,
a proportion of crushed old bricks,
termed " grog," is used, but never-
theless the consumption of re-
fractories is one of the chief econ-
omic burdens of the metallurgical
plant, every furnace usually con-
taining several sorts of brick, As
it is important to know the tempts.
at which refractories will soften
during use, a series of standard
compounds of various oxides has
been made, called Seger Cones.